Background: Acupuncture may achieve results partially through altering vagal tone. Heart rate variability (HRV) monitoring is a noninvasive method of observing sympathovagal tone.
INTRODUCTION T
HE AUTONOMIC NERVOUS SYSTEM has been implicated as one of the mechanisms by which acupuncture achieves its results. [1] [2] [3] [4] [5] [6] There are multiple reasons why increased parasympathetic activity and decreased sympathetic activity would be beneficial to the patient. It is now well established that stress and elevated cortisol levels coincide with increased sympathetic tone and have an incalculable negative impact on pain, mood, immunity, longevity, and health in general. 7, 8 Though it may be counterintuitive, the variability in heart rate with breathing is an inherent sign of health. This variability decreases with disease, age, and stress. Heart rate variability (HRV) monitoring is a noninvasive method to evaluate and quantify the variation of the heart rate. The components of cardiac neural control can be separated by evaluation of harmonics of HRV, using frequency domain analysis. Moreover, short-term recordings are preferable for application of spectral analysis because acquisition of biological signals during a brief period of time can better comply with the theoretical prerequisites of spectral analysis. These parameters are widely accepted as estimates of short-term components of HRV, strongly reflecting modulations of vagal tone. 9 By quantifying the contributions of different power spectra of the heart rate, one can infer the relative contributions of the sympathetic and parasympathetic input to the SA node. Increase in vagal input to the SA node (an increase in parasympathetic activity) is revealed by a decrease in the low frequency to high frequency power spectra ratio (LFR/HFR ratio). This is the basis for many of the currently available biofeedback devices. Increased complexity (variability) can be quantified by these methods. HRV becomes more complex as vagal tone increases.
Acupuncture is a subtle intervention that achieves its results by triggering multiple neurotransmitters including local and central effects, and it may be possible to detect some of those changes by subtle changes in HRV. In this study, linear power spectra analysis was used to evaluate any change in HRV during acupuncture treatment, and then to examine that variation vis-a-vis patient outcomes. This particular study determined patient HRV response as a function of response to acupuncture.
The tendency of patients who "respond" to treatment or the treatment setting as having a certain physiological vagal profile was a counterintuitive result. This was the result first encountered by the author when looking only at migraine patients. 10 In this retrospective study, the patients were not controlled for point selection nor diagnosis, simply for outcomes.
Acupuncture and the Autonomic Nervous System
There is some evidence to suggest that acupuncture can augment vagal tone/increase parasympathetic input. We know from a Swedish 5 study that uterine artery blood flow impedance is decreased using electroacupuncture twice weekly for four weeks. The flow was increased shortly after the eighth acupuncture treatment and for two weeks following acupuncture. It is suggested that this is due to central inhibition of the sympathetic activity. There is evidence in the literature that acupuncture can lead to immunomodulation of the autonomic nervous system leading to normalization of granulocytes and lymphocytes. 11 There have been a few studies looking at acupuncture and HRV. In Germany, 12 a group looked at the effects of needle acupuncture on autonomic nervous system function in patients with minor depression or anxiety disorder. Compared with placebo, the acupuncture group showed a decrease in lowfrequency component and an increase in high-frequency component, i.e., an overall decrease in LF/HF ratio. Another study from Sweden 13 using HRV showed an increase in parasympathetic and sympathetic inputs after Hoku (dorsal thenar muscle) stimulation. The study also demonstrated an increase in the parasympathetic component only with Lung 1 (LU 1) stimulation in the ear (cavum concha) for 25 minutes and for 60 minutes afterward. Mild acupuncture to Sishencong can lead to a decreased LFR/HFR 14 In other studies, the stimulation of PC 6 increased high-frequency activity and decreased LF/HF activity. 15 
Consequences of Increased Vagal Tone
If one of the effects of acupuncture is to increase vagal tone, the increasing of antioxidants, coenzyme Q, endorphins, nitric oxide, 16 and dopamine may occur. But, most importantly, there may be a decrease in stress hormones, cortisol in particular, which could directly affect the patient's health.
Cortisol has been determined to be detrimental to a person's immune defenses, pain tolerance, and mood (depression). Furthermore, an increase in stress hormones leads to an inability to withstand insults to the brain (hypoxia) and can lead to accelerated aging of the hippocampus and the brain glia, which may be implicated in some individuals with Alzheimer disease. For these reasons, an ability to modulate the sympathetic/parasympathetic inputs to the central nervous and cardiovascular systems could be an extremely important piece of the puzzle of acupuncture's effectiveness.
Use of HRV as Prognostic Tool
HRV is currently used as a prognostic tool in a variety of settings more directly impacted by cardiac health. It is found to be a predictor of survival after myocardial infarction 17 and survival in the intensive care unit. Using HRV as a predictor of outcomes divorced from specific heart conditions is much less common, but studies exist. 18, 19 A study more germane to this one showed that vagal tone is an indicator of treatment response in major depression. 20 
METHODS
A total of 22 patients were included in this study: 15 women and seven men. The main eligibility criterion was a clearly defined condition with a clearly defined outcome of treatment. The age range was from 23 to 82 years; average age was 52 years. The patients were all receiving allopathic medical care and had been referred by their primary physician or came of their own volition. Patient diagnoses included allergic rhinitis, carpal tunnel syndrome, cervicalgia, Crohn disease, headaches, hypertension, infertility, knee pain, low back pain, migraine, panic attacks, polycystic ovaries, plantar fasciitis, sciatica, sternal pain, tinnitus, transverse myelitis, and urethral pain. History was taken according to Traditional Chinese Medicine (TCM) principles. Pulse analysis and tongue examination were incorporated to establish a constitutional pattern when appropriate, and patients were needled according to prescriptions adherent to the recommendations and acupuncture tenets of TCM. Written consent was obtained and monitoring was explained.
Patients were monitored using a I-330-C2 Biofeedback Monitor (J and J Engineering, Poulsbo, WA; http://www. jjengineering.com). They were monitored every second for heart rate, standard deviation of the heart rate, heart rate variability (in three different power spectra: LF, HF, VLF), skin resistance, and peripheral temperature. Monitors were placed after patient was in position. Monitoring took place at various times of day. Recording was begun after needles were placed. Data were collected for 20 minutes. Recording was terminated and then needles were removed. Data were analyzed retrospectively after a series of acupuncture sessions had been completed. The only patients included for analysis were those who had completed at least 4 treatment sessions. They also had to have a clearly recognizable and describable symptom or problem. If the outcome was unclear or if the patient did not follow up adequately, that individual was not included. The only patients included for final data analyses were extremely well-known to the practitioner, so that the treatment outcomes could be made with utmost confidence.
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Patients were divided into 2 categories: "responders" and "non-responders." Responders experienced a significant diminution of symptoms or complete resolution. Non-responders showed no improvement. There were 14 responders: 11 women and 3 men included for study, with an average age of 51 years. There were 8 non-responders: 4 women and 4 men, with an average age of 53 years.
Linear Power Spectra Analysis
Session reports were produced using J and J Engineering report generator (www.jjengineering.com), the data pasted into Excel spreadsheets for charting. Additional analysis of the heart rate tracing was done using HRV shareware from Kuopio University in Finland. The LFR ratio for the window of 60 seconds to 360 seconds was compared vs a window of 525 seconds to 825 seconds.
RESULTS
Patients who responded to their acupuncture series tended to exhibit a decrease in LFR/HFR during the acupuncture treatment. Non-responders tended to show no change or an increase in their LFR/HFR. The difference in LFR/HFR trend between responders and non-responders during treatment was confirmed by comparing the averages of the two sampling periods. The average LFR/HFR ratio from the first sampling period (60 to 360 seconds) to the second sampling period (525 to 825 seconds) in responders decreased from 2.39 to 1.615. In the non-responders the average increased from 1.722 to 2.65.
The purpose of this study was to explore HRV monitoring and analysis in the acupuncture clinic, and then evaluate how it correlates with outcomes. The advent of comparing "snapshots" or samples at the beginning (60 to 360 seconds) to samples later in the treatment (525 to 825 seconds) made the LFR/HFR trend much easier to analyze and quantify than in the previous study. 10 Comparing the shading, the reader can see that the "responders" had more vagal enhancement than "non-responders." This is confirmed by comparing the averages of the 2 sampling periods. The average LFR/HFR ratio from the first sampling period (60 to 360 seconds) to the 2nd sampling period (525 to 825 seconds) in responders decreased from 2.39 to 1.62. In the non-responders, the average increased from 1.722 to 2.65.
DISCUSSION
There are a number of ways to interpret these data. It is possible that the responders received a better treatment, i.e., that the point selection was more pertinent to their particular problem. As practitioners we want to give the best, most effective treatment. It is tempting to conclude that the nonresponders received less effective, less skillful treatment, and that is why they did not ultimately respond and why they did not exhibit vagal enhancement. As practitioners, we learn stimulation methods and point selection in an attempt to optimize treatment. It would be useful indeed if this monitoring could be used to help guide point selection or even to help determine the optimum "DIPS" of treatment: Duration, Interval, Point selection, and type of Stimulation. However, it is also possible that the alteration in vagal tone shows an underlying ability of patients to respond, due to a plasticity in their physiology, and is not related to the SPARROW 40 20 10. 
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Ȥ acupuncture at all. Since this study was not controlled, we can only say that the responders were responding to their treatment experience. There were no sham treatments or non-treatments given. The lack of vagal enhancement during acupuncture may be a sign of being "stuck," and other interventions might help to facilitate a favorable outcome.
(For example fish oil and exercise have been shown to increase HRV. Could they be added, perhaps, to help ensure a better acupuncture outcome?) This type of study of patients and their physiology could provide more insight into a patient's ability to respond, or at a minimum, identify patients who are likely or unlikely to benefit from acupuncture treatment. This study should be categorized as simply a clinical case study since there are numerous drawbacks from a scientific standpoint. This study would need to be repeated with sham controls and uniform point selection and diagnoses to ultimately corroborate this work. In addition, it would be more useful to monitor results with a visual analog scale as well as with Beckman Wellness Scores. This study, as many others, raises many questions, but if we could harness this technology to give us useful feedback on our patients, it could lead to better results and hence, better outcomes.
CONCLUSIONS
HRV analysis could prove to be a useful adjunct to clinical acupuncture practice and may shed light on the physiological mechanisms involved in successful outcomes. This technique could finds its way in auriculotherapy research where a portion of the ear is innervated with the vagus nerve. Perhaps coupled with fMRI studies, a greater insight into auriulotherapy mechanisms may be elucidated as well as serving as a "tracer" for auriculotherapeutic success or failures.
